INTRODUCTION
The Fusaria are characterized by their ability to break down hexoses and pentoses with the production, almost exclusively, of ethyl alcohol and carbon dioxide. Studies on the similarities between the ethyl-alcohol-producing mechanisms of yeasts and fusaria have been the object of numerous investigations by Nord et al. (1940) , by Gould et al. (1939) , and by Gould and Tytell (1941) . In the course of the latter investigations, which indicated striking similarities between the respiration and glycolysis of yeast and that of Fusarium tricothecoides, it was observed that a decarboxylating mechanism was always present. The results of the present communication indicate that Fusaria contain a carboxylase-cocarboxylase system, whose properties are described, which is strikingly similar to, if not identical with, the system in yeast, and that the system is synthesized by the organism even when the latter is grown on a "synthetic" medium and in markedly increased quantities when the medium contains added vitamin B1.
EXPERIMENTAL
A pure culture of Fusarium tricothecoides was grown on peptone-Czapek's solution of the following composition:
The cultures were grown in conical flasks containing 300 ml. of the medium. Incubation was at 28TC., in the dark for the desired period. The growths were then harvested by filtration through cheese-cloth and thoroughly washed with distilled water until free of medium. The washed growth was pressed lightly and suspensions were prepared by shaking with glass beads in phosphate buffer at pH 6.2 until the suspension could be easily pipetted.
Dried, powdered growths of Fusarium tricothecoides also displayed carboxylase activity and this material was prepared as follows: Mats grown in the usual manner were harvested, washed, pressed, and cut into thin strips with scissors. The strips were then dried in crystallizing dishes at room temperature in the path of the air from a small fan. The strips were further dried over CaCl2 in a desiccator for 24-48 hours. The dried mycelium could then be finely powdered in a mortar. This powder displayed good carboxylase activity which was stable even after long storage.
Carboxylase activity was demonstrated by Barcroft manometer technique at 3000. Each reaction cut contained 3 ml. of suspension and 0.5 ml. of pyruvic acid (Eastman Kodak re-distilled at 59-63oC. at 15-17 mm. pressure) neutralized with Na2CO0 to pH 6.2, in the side arm. The cups were placed on the manometer arms and brought to 300 in the water bath, the taps were closed, the control readings taken and the pyruvate tipped into the cups. When cell suspensions were used, estimations were made at the same time of the endogenous activity. The difference between the carbon dioxide evolution in the presence and absence of pyruvic acid is taken as the carboxylase activity. Phosphate buffers (M/10) were utilized in these experiments. pH was measured by the glass and quinhydrone electrodes. 150 mgm. of dried preparation were used in each cup, 2.0 ml. of the buffer at the required pH and 0.3 ml. of pyruvic acid (5 mgm.) The results are shown in figure 1. The range 6.2-6.4 was found to be the optimum under the conditions of the experiments. This is in good agreement with the values for yeast carboxylase obtained by Lohmann and Schuster (1937) and Melnick and Stern (1940) . The activities of the alkaline washed preparations were then tested with and without the addition of crystalline cocarboxylase3 in graded quantities. Each cup contained 150 mgm. alkaline washed, dried fusaria, 3 ml. phosphate buffer at pH 6.2, 0.4 ml. pyruvate (pH 6.2) with 40 gamma Mg and Mn as chlorides and 1 ml. of cocarboxylase solution containing the desired amount. Total volume was 4.4 ml. The cocarboxylase (0.1-2 gamma) restored much of the activity of the alkaline washed material. The data are recorded in figure 2. It is apparent from the results that an alkaline soluble coenzyme for fusaria carboxylase is a component of the intact system, and that yeast cocarboxylase can replace it.
Deomonstration and estimation of cocarboxylase in dried Fusaria Analysis of dried Fusarium extracts (distilled water, M/200 Na2HPO4 and M/250 KH2P04) were made for cocarboxylase, using washed yeast according to the method of Goodhart and Sinclair (1939) and by the thiochrome method of Hennessey and Cerecedo (1939) . The samples tested (extracts from 5-10 gram samples) agreed fairly well in each of both methods. A very small amount of unphosphorylated thiamine was also present.
1. Biological method. Dried bakers' yeast (wet weight 500 grams) was freed from cocarboxylase by washing thrice and centrifuging with 50 ml. portions 0.1 M Na2HPO4 and one with distilled water. The washed residue was twice extracted with 50 ml. portions of dry acetone and then dried in vacuo. The final dry preparation had fairly constant activity over 10-12 day periods of storage in vacuo.
Dried mold tissue was prepared from the growths obtained from 20 1-liter conical flasks each containing 250 ml. of 3 per cent glucose-Czapek medium (synthetic) incubated at 2800. in the dark for 8 days. The growths were collected and washed until apparently free of metabolites (as indicated by negative test for glucose). Six washings usually sufficed. They were dried rapidly and powdered. Extracts were prepared using distilled water, M/250 KH2P04 and M/200 Na2HPO4. One-gram samples of dry tissue were extracted with 7 ml. portions of extracting fluid in a boiling water bath and filtered through cloth.
The yeast preparations were standardized with crystalline cocarboxylase (courtesy of Merck & Co.). Carbon dioxide production was measured in the presence of added pyruvic acid; an excess of vitamin B1 to saturate the system (Ochoa and Peters, 1938) ; iodoacetate to prevent the synthesis of cocarboxylase from free thiamine by the yeast preparations, utes with 40 ml. of 2 percent acetic acid. After cooling to room temperature 4 ml. of N NaOH were added. Four samples were carried to this point. Four ml. of 6 per cent takadiastase were added to two after the solutions were brought to 37TC. and the digestion was allowed to proceed for one hour. Distilled water was substituted for the enzyme in the remaining solutions. The digests were boiled to coagulate the added enzyme and then cooled to room temperature. Twenty-five ml. of the centrifuged super- It.is apparent that Fusaria are able to synthesize thiamine-like substance on purely synthetic media which, on the basis of the biological tests is undoubtedly cocarboxylase. Very little free vitamin B1 is present. It is interesting that the values obtained by this method are consistently lower than those obtained by the biological method. This difference, added to the fact that the replacement of crystalline cocarboxylase in washed fusaria preparations only partially re-activates the system, might indicate that fusaria contain a non-thiamine component which is involved in carboxylase activity.
Effect of vitamin B1 on the carboxylase activity of Fusarium tricothecoides Dammann, Rotini and Nord (1938) showed that the addition of 0.2 gamma vitamin B1 per ml. of culture fluid had little or no effect on the growth of Fusarium graminearum Schwabe, but did raise the ethyl alcohol production. It was suggested that the increase might be due to conversion of vitamin B1 to cocarboxylase. In the following experiments attempts were made to confirm the observation of Dammann et al. and to determine whether synthesis of cocarboxylase was apparent.
Forty-four one-liter flasks each containing 300 ml. of 2 per cent glucose-Czapek's solution were sterilized and then inoculated with 1 ml. of a uniform spore-mycelium suspension of Fusarium tricothecoides. To each of 22 of the flasks was then added 1 ml. of sterile vitamin B1 (crystalline thiamine hydrochloride) containing 250 gamma per ml. (The solution was sterilized by Seitz filtration.) The flasks were incubated at 280C. in the dark.
Periodically, determinations were made of carboxylase activity of washed "resting cell" suspensions prepared from growths with and without vitamin; weights were determined and ethyl alcohol determinations carried out by the method of Friedemann and Klaas (1936) . The results (table 5) are in agreement with those of Dammann et al. (1938) in that there is a slight increase in alcohol production after prolonged incubation. The most striking observation is the markedly increased carboxylase activity of the organisms grown on vitamin B1 medium, even during the early stages of growth when the total alcohol produced is unaffected by the added thiamine. This would indicate that low carboxylase activity is not the limiting factor in alcohol production by this strain of Fusaria since even a threefold increase in the carboxylase activity does not result in an appreciable increase in the total alcohol production. Attempted synthesis in vitro of cocarboxylase from vitamin B1
by Fusaria Goodhart and Sinclair (1939) have shown that blood from avitaminosis pigeons can synthesize cocarboxylase from vitamin TABLE 5 The effect of vitamin B1 added to culture medium on growth, alcohol production and carboxylase activity of Fusarium tricothecoides cocarboxylase-free yeast which was standardized with crystalline cocarboxylase.
Five ml. of "resting" cell suspensions or 500 mgm. of dried tissue in 5 ml. of phosphate buffer at pH 6.2 were incubated with 50 gamma of vitamin B1 in 50 ml. centrifuge tubes. Control tubes using distilled water instead of vitamin B1 solution were run at the same time. Incubation was at room temperature in a shaking machine. Tubes were removed after 2, 4 and 6 hours incubation. The tubes were removed and put into a boiling on November 4, 2017 by guest http://jb.asm.org/ Downloaded from water bath for 5 minutes, the contents filtered and the filtrate used for the test.
The manometer cups contained 0.5 ml. filtrate; 0.2 ml. of vitamin B1 solution (10 gamma); 0.1 ml. of 0.099 M sodium-iodoacetate; phosphate buffer at pH 6.2 to make a final volume of 3.0 ml.; and 0.4 ml. of pyruvic acid neutralized to pH 6.2 in the side arm.
The results ( 7. The absence of high carboxylase activity does not appear to be the limiting factor in alcohol production by Fusarium.
